The aim of this study was to prepare and evaluate a natural material extracted from germinated brown rice (GBR). Herein, we evaluated whether the natural material could positively activate the biological effects seen during bone formation, including enhancement of metabolic activity, osteogenesis, and the expression of vascular endothelial growth factor (VEGF), one of the growth factors in human osteoblast-like cells. Methods: The natural material was created by a hot water extraction process after being soaked for 2~3 days in tap water and dried at 50°C. The material was characterized using field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), and Fourier transformed infrared (FTIR) spectroscopy. The biological behaviors of the material were also investigated; we performed tests to assess cell cytotoxicity, metabolic activity, osteogenic markers related to bone formation, and VEGF. Results: The EDX, XRD, and FTIR results for the natural material indicated the presence of organic compounds. The natural material caused positive increases in cell metabolic activity and mineralized bone formation without cytotoxicity. The protein levels in the extract for the 6.25 µg/mL, 12.25 µg/mL, 25 µg/mL, 50 µg/mL, and 100 µg/mL groups were significantly different from that for the control. Conclusions: The GBR-based natural material was easy to prepare and had characteristics of a potential biomaterial. The biocompatibility of this natural material was evaluated using in vitro techniques; our findings indicate that this novel material is promising for agricultural and biological applications.
Introduction
Germination of cereal and legume seeds involves an economical processing technology (Raes et al., 2014) . A number of studies have documented the advantages and health benefits of germination products. Recently, germinated brown rice (GBR), or pre-germinated brown rice (pre-GBR), has garnered considerable attention, especially in Asian countries (Moongngarm and Saetung 2010) . The product is obtained by soaking the whole kernel of brown rice in water until its embryo begins to bud. During the process of germination, the chemical compositions of the rice change drastically, because the biochemical activity produces essential compounds and energy for the formation of the seedling (Ti et al., 2014) . Brown rice, which is hulled directly from rough rice, consists of bran layers (6-7%), an embryo (2-3%), and an endosperm (about 90%) (Chen et al., 1998) . White rice originates from brown rice; for obtaining white rice, the bran and germ of brown rice are removed to facilitate easier and faster cooking, increase the shelf life, and most importantly, improve the sensory quality (Wu et al., 2013) . However, the milling procedures involving the removal of the bran and germ also lead to a dramatic loss of many important nutrients that are essential to a balanced diet (Zhou et al., 2002; Lamberts et al., 2007) . With respect to the technical challenge of the milling process, our group has been developing a rice mill process, which integrates several improved methods for the production of embryo-containing white rice in a vertical mill (Yan et al., 2005) . We also developed an automatic vacuum packer to preserve rice quality (Yan and Chung 2004; Yan et al., 2004) . Various germination acceleration technologies for GBR have also been investigated, including promising uses of electric current, high-voltage electric fields (Lim et al., 2010 ), ultrasound (Lee et al., 2006 treatments, and an automatic brown rice germinating system consisting of an air-phase and intermittent water spraying, and anion radiation (Lim et al., 2011) . Notably, germination does not only improve the texture of brown rice but it also makes the nutrients present in the grain easier to digest and absorb (Sakamoto et al., 2007) .
Numerous studies have been performed on the nutritional properties and health benefits of GBR; these studies have specifically focused on the effects of gamma-amino butyric acid (GABA). However, to our knowledge, no previous reports have investigated GBR or GBR-derived products as a material for eliciting biological responses, such as cell metabolic activity and bone formation. Thus, the aim of this study is to explore the preparation and characteristics of a natural material extracted from GBR to evaluate its effects on metabolic activities for its potential use as a biomaterial that can be sourced from agricultural byproducts.
Materials and Methods

Sample preparation
The GBR was obtained from Hamyang-gun, South Korea, on October 2010. Brown rice was germinated using a method previously described by Lim et al. (2010) . Brown rice (250 g) was cleaned and soaked in 1,000 mL of water for 48 h. The water was changed every 6 h. After soaking, the brown rice was dried at 50°C for 12 h and then ground into powder using a blender (A10, IKA-WERKE, Japan). The GBR was diluted with ten times the volume of the water and centrifuged at 6,000 rpm for 20 min to remove the supernatant liquid. The samples were subsequently dried by a freeze dryer (FD5505, Ilshin Lab, South of Korea) and were later subjected to hot water extraction (Bergeron et al., 2005) . The samples were stored at -20°C until further study. The powders were added to a medium at various concentrations (6.25, 12.5, 25, 50 , and 100 µg/mL), and pure medium was used as a control. Hot water extractions were performed in triplicate. For the quantification of biological samples, we performed efficient extraction methods that preferentially used nontoxic solvents, such as water.
Characterization of a natural material
The microstructures and particle sizes of the natural material fabricated in this study were observed using a field emission scanning electron microscope (FE-SEM, SUPRA 55VP, Cal Zeiss, Germany). All samples were coated using a BAL-TEC SCD005 sputter coater for 250 s at 15 mA. Chemical analysis was also performed by EDX spectroscopy at 30.0 kV. Phase analysis of the samples was performed using XRD (Bruker D5005 X-ray Diffractometer, Germany) at room temperature with Cu Kα as the radiation source at a scan speed of 1 degree/min, a step scan of 10-90°C, and an angular range of 2θ (generator = 40 kV, 40 mA; λ (radiation) = 1.5406). FTIR spectroscopy (Nicolet 6700, Thermo Scientific, USA) was performed to better understand what phases had changed. For this measurement, the transmission IR spectra were recorded using KBr pellets over a range of 400-4,000 cm -1 with 1 cm -1 resolution.
Cytotoxicity test
Human osteoblast-like cells, MG63 (KCLB 21427, Korean Cell Line Bank, Seoul National University College of Medicine, Korea), were cultured in a culture dish at 37°C, 100% humidity, and 5% CO 2 in Dulbecco's modified eagle's medium (DMEM, Hyclone, Atlanta, GA). The medium was supplemented with 10% fetal bovine serum (FBS, Hyclone) and 1% antibiotics. The medium was changed every other day. Cytotoxicity was analyzed with a WST-1 assay (EZ-Cytox Cell Viability Assay Kit, Daeillab Service Co., Ltd) according to the manufacturer's instructions. This assay was also used to assess the cell viability according to the manufacturer's protocol. Cells were cultured with or without a GBR treatment, and the cell morphology was observed using phase contrast microscopy (Nikon TS100, Japan).
Mineralized staining test
The presence of mineralized nodules was determined by staining the samples with alizarin red-S and von Kossa
